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What is Deep Learning?

ARTIFICIAL 
INTELLIGENCE

MACHINE LEARNING

DEEP LEARNING
Any technique that 

enables computers to 
mimic human behavior

Ability to learn from 
experience (data) 
without explicitly 

being programmed

Extract features (or patterns) 
from data using neural networks

• Deep Learning is accelerating at a rate faster than we have never seen before !! 2



Generating Images from Natural Language

“A photo of an astronaut riding a horse”
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Generating Language from Natural Language

“Write a code in TensorFlow to train a neural 
network”
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Artificial Intelligence in the context of Human History

Alan Turing, 1951:”It seems probable that once the machine thinking method had started, it would not take long to
outstrip our feeble powers. They would be able to converse with each other to sharpen their wits. At some stage
therefore, we should have to expect the machines to take control.”

5



Artificial Intelligence in the context of Human History

Frank Rosenblatt (1928–1971): was an American psychologist and computer scientist who made significant
contributions to the field of artificial intelligence and neural networks. He is best known for developing the
perceptron, a type of artificial neural network model, and for his work on pattern recognition and machine learning.
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Artificial Intelligence in the context of Human History

Kasparov vs. Deep Blue, 1997
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Artificial Intelligence in the context of Human History

Lee Sedol vs. AlphaGo, 2016

• AlphaGo is a computer program developed by DeepMind, a subsidiary of Alphabet Inc. (Google's parent 
company).
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History of Deep Learning Ideas and Milestones

 1943: Neural networks

 1957-62: Perceptron

 1970-86: Backpropagation, RNN

 1979-98: CNN, MNIST, LSTM, Bidirectional RNN

 2006: “Deep Learning”, DBN

 2009: ImageNet + AlexNet

 2014: GANs

 2016-17: AlphaGo, AlphaZero

 2017-19: Transformers

 2020: GPT-3

 2022: ChatGPT (Chat Generative Pre-trained Transformer)
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Deep Learning Market
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Why Deep Learning now?
Neural Networks date back decades. So why now ?

1. Big Data
• Larger Datasets
• Easier Collection and 

Storage

2. Hardware
• Graphics Processing 

Units (GPUs)
• Massively 

Parallelizable

3. Software
• Improved 

techniques
• New Models
• Toolboxes
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The Perceptron: Forward Propagation
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The Perceptron: Forward Propagation
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The Perceptron: Forward Propagation
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Common Activation Functions

Sigmoid Function HyperBolic Tangent Rectified Linear Unit (ReLu)

g(z)=
1

1+𝑒−𝑧
g(z)=

𝑒𝑧−𝑒−𝑧

𝑒𝑧+𝑒−𝑧
g(z)= max(0, 𝑧)
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Importance of Activation Functions

• The purpose of activation functions is to introduce non-linearities in the 
network 

What if we wanted to build a neural network to distinguish green vs red points?
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Importance of Activation Functions

• The purpose of activation functions is to introduce non-linearities in the 
network 

Linear activation functions 

produce linear decisions no 

matter the network size

Non-linearities allow us to 

approximate arbitrary complex 

functions 17



The Perceptron: Simplified
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Multi Output Perceptron
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Because all inputs are densely connected to all outputs, these layers are called Dense layers
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Dense Layer from scratch 
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Multi Output Perceptron

𝑧𝑖= 𝑤0,𝑖 + σ𝑗=1
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Because all inputs are densely connected to all outputs, these layers are called Dense layers
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Hidden Layers
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Hidden Layers

𝑧2= 𝑤0,2
(1) + σ𝑗=1

𝑚 𝑥𝑗𝑤𝑗,2
(1) = 𝑤0,2

(1) + 𝑥1𝑤1,2
(1) + 𝑥2𝑤2,2

(1)+ 𝑥𝑚𝑤𝑚,2
(1)

𝑥1

𝑥2

𝑥𝑚

𝑧1

𝑧2 ො𝑦1

𝑧3

𝑧𝑛

ො𝑦2

𝑤1,2
(1)

𝑤2,2
(1)

𝑤𝑚,2
(1)

23



Multiple Output Perceptron
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Deep Neural Network
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Deep Neural Network
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Convolutional Neural Networks (CNNs)

1. Convolution: Apply filters to generate feature maps

2. Non-linearity: Often ReLU.

3. Pooling: Downsampling operation on each feature map.

Input Image
Convolution 

(Feature map)
Maxpooling Fully connected 

layer
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CNNs for Classification: Feature Learning

1) Learn features in input image through convolution

2) Introduce non-linearity through activation function (real-world data in non-

linear!)

3) Reduce dimensionality and preserve spatial invariance with pooling
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CNNs for Classification: Class Probabilities

 CONV and POOL layers output high-level features of input

 Fully connected layer uses these features for classifying input 

image

 Express output as probability of image belonging to a particular 

class 

𝑠𝑜𝑓𝑡𝑚𝑎𝑥 𝑦𝑖 =
𝑒𝑦𝑖

σ𝑗 𝑒
𝑦𝑗
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Classification: Breast Cancer Screening

CNN-based system outperformed expert radiologists 

at detecting breast cancer from mammograms 
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Object Detection
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Semantic Segmentation: Fully Convolutional Networks

FCN: Fully Convolutional Network.

Network designed with all convolutional layers, with downsampling and upsampling

operations
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Semantic Segmentation: Biomedical Image Analysis
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Continuous Control: Navigation from Vision 
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